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Dynamic changes in ultrastructure of the primary cilium in 
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New neurons, referred to as neuroblasts, are continuously generated in the 
ventricular-subventricular zone of the brain throughout an animal’s life (Obernier 
and Alvarez-Buylla, 2019). These neuroblasts are characterized by their unique 
potential for proliferation (Ikeda et al., 2010; Ponti et al., 2013), formation of chain-
like cell aggregates (Lois et al., 1996; Sawamoto et al., 2006) , and long-distance 
and high-speed migration through the rostral migratory stream (RMS) toward the 
olfactory bulb (OB) (Luskin, 1993; Lois and Alvarez-Buylla, 1994; Lois et al., 
1996), where they decelerate and differentiate into mature interneurons (Luskin, 
1993; Lois and Alvarez-Buylla, 1994; Sawada et al., 2018). The dynamic changes 
of ultrastructural features in postnatal-born neuroblasts during migration are not 
yet fully understood. Here we report the presence of a primary cilium, and its 
ultrastructural morphology and spatiotemporal dynamics, in migrating 
neuroblasts in the postnatal RMS and OB. The primary cilium was observed in 
migrating neuroblasts in the postnatal RMS and OB in male and female mice and 
zebrafish, and a male rhesus monkey. Inhibition of intraflagellar transport 
molecules in migrating neuroblasts impaired their ciliogenesis and rostral 
migration toward the OB. Serial section transmission electron microscopy 
revealed that each migrating neuroblast possesses either a pair of centrioles, or 
a basal body with an immature or mature primary cilium. Using 
immunohistochemistry, live imaging, and serial block-face scanning electron 
microscopy, we demonstrate that the localization and orientation of the primary 
cilium are altered depending on the mitotic state, saltatory migration, and 
deceleration of neuroblasts. Together, our results highlight a close mutual 
relationship between spatiotemporal regulation of the primary cilium and efficient 
chain migration of neuroblasts in the postnatal brain. 
References 
Ikeda, M., Hirota, Y., Sakaguchi, M., Yamada, O., Kida, Y.S., Ogura, T., Otsuka, 
T., Okano, H., and Sawamoto, K. (2010) Expression and proliferation-
promoting role of Diversin in the neuronally committed precursor cells 
migrating in the adult mouse brain, Stem Cells 28, 2017-2026. 
Lois, C., and Alvarez-Buylla, A. (1994) Long-distance neuronal migration in the 
adult mammalian brain, Science 264, 1145-1148. 
Lois, C., Garcia-Verdugo, J.M., and Alvarez-Buylla, A. (1996) Chain migration of 
neuronal precursors, Science 271, 978-981. 
Luskin, M.B. (1993) Restricted proliferation and migration of postnatally 
generated neurons derived from the forebrain subventricular zone, Neuron 
11, 173-189. 
Obernier, K., and Alvarez-Buylla, A. (2019) Neural stem cells: origin, 
heterogeneity and regulation in the adult mammalian brain, Development 
146. 
Ponti, G., Obernier, K., Guinto, C., Jose, L., Bonfanti, L., and Alvarez-Buylla, A. 
(2013) Cell cycle and lineage progression of neural progenitors in the 
ventricular-subventricular zones of adult mice, Proc Natl Acad Sci U S A 
110, E1045-1054. 
Sawada, M., Ohno, N., Kawaguchi, M., Huang, S.H., Hikita, T., Sakurai, Y., Bang 
Nguyen, H., Quynh Thai, T., Ishido, Y., Yoshida, Y., et al. (2018) PlexinD1 
signaling controls morphological changes and migration termination in 
newborn neurons, EMBO J 37, e97404. 
Sawamoto, K., Wichterle, H., Gonzalez-Perez, O., Cholfin, J.A., Yamada, M., 
Spassky, N., Murcia, N.S., Garcia-Verdugo, J.M., Marin, O., Rubenstein, 
J.L., et al. (2006) New neurons follow the flow of cerebrospinal fluid in the 
adult brain, Science 311, 629-632. 
